The consumption of sweeteners has increased as a measure to reduce the consumption of calories and thus combat obesity and diabetes. Sweeteners are found in a large number of products, so chronic consumption has been little explored. The objective of the study was to evaluate the effect of chronic sweetener consumption on the microbiota and immunity of the small intestine in young mice. We used 72 CD1 mice of 21 days old, divided into 3 groups: (i) No treatment, (ii) Group A (6 weeks of treatment), and (iii) Group B (12 weeks of treatment). Groups A and B were divided into 4 subgroups: Control (CL), Sucrose (Suc), Splenda5 (Spl), and Svetia5 (Sv). The following were determined: anthropometric parameters, percentage of lymphocytes of Peyer's patches and lamina propria, IL-6, IL-17, leptin, resistin, C-peptide, and TNF-. From feces, the microbiota of the small intestine was identified. The BMI was not modified; the mice preferred the consumption of Splenda5 and Svetia5. The percentage of CD3 + lymphocytes in Peyer's patches was increased. In the lamina propria, Svetia5 increased the percentage of CD3 + lymphocytes, but Splenda5 decreases it. The Splenda5 and Svetia5 subgroups elevate leptin, C-peptide, IL-6, and IL-17, with reduction of resistin. The predominant genus in all groups was Bacillus. The chronic consumption of sweeteners increases the population of lymphocytes in the mucosa of the small intestine. Maybe, Bacillus have the ability to adapt to sweeteners regardless of the origin or nutritional contribution of the same.
Introduction
The prevalence of overweight and obesity has increased in recent years, currently considered a public health problem that affects adolescents and children [1] . This condition is alarming due to its association with chronic noncommunicable diseases such as diabetes mellitus, hypertension, cardiovascular diseases, and cancer [2] . Derived from this situation, several strategies have been created to combat them, one of which is the substitution of sugar and high fructose corn syrup with nonnutritive sweeteners [3] . Sweeteners are additives of natural or artificial origin that mimic the sweet taste of sugar without providing energy; they stimulate sweet taste receptors with minimal amounts, having a sweetening power of 200 to 600 times more than sucrose [4] [5] [6] . While sweeteners have been considered metabolically inert, recent data suggest that they may have physiological effects by altering glucose metabolism and increasing appetite stimulation [7] . It has been reported that mice exposed to saccharin show preference for foods with more sugar 2 International Journal of Food Science [8] . Not only do sweeteners increase the taste for sweet, they also intervene in the feeding behavior; for example, rodents exposed to sweeteners present higher feed intake and consequently a greater weight gain [9, 10] . The consumption of saccharin, sucralose and aspartame, causes alterations in the gut microbiota in rodent models, leading to greater food intake, excessive weight gain, and alterations in blood glucose [11] [12] [13] . Now, the small intestine (SI) is the place where processes of digestion and absorption of nutrients are carried out [14] . Anatomically, it contains Gut Associated Lymphoid Tissue (GALT) which interacts with the intestinal microbiota to promote multiple processes in different stages of life and thereby maintain the homeostasis of the host at that level [15] . The GALT has two compartments: lamina propria (effector site) and Peyer's patches (inductor site) which contain T and B lymphocytes that monitor the antigens that pass through the intestinal lumen and are responsible for secreting proinflammatory (IL-1, 2, 6, 7, 17, and TNF-) and anti-inflammatory cytokines (IL-4, 10, 13, and TGB-) [16] . Particularly, IL-17 is considered a sentinel and protector of the mucous barrier of the intestine, since it maintains its integrity, promotes the production of antimicrobial factors and the recruitment and generation of neutrophils as the first line of defense in mucosal sites [17] . The process of microbial colonization begins in prenatal life and continues after birth; it is modulated by factors including gestational age, diet, type of breast milk, type of delivery, hygiene, and exposure to antibiotics [18] . The environment and diet during the first days of life are crucial for the acquisition of the type of microbiota in adult life and the establishment of the hostbacteria symbiosis that influences the development of the immune and neurological systems [19] . Therefore, the content of the diet at early ages of life will determine to a large extent the type of microbiota and with it the predisposition or not to suffer from any pathology.
The composition of the intestinal microbiota varies according to the site of implantation; in the small intestine we can find bacilli of the Firmicutes families and Actinobacteria; in the colon mainly Bacteroidetes, Lachnospiraceae, and Firmicutes have been identified [20] [21] [22] . The gut microbiota plays a very important role in the immune response and intestinal homeostasis [23] ; it participates actively in digestion by fermenting polysaccharides and producing monosaccharides and short chain fatty acids, increasing the deposition of triacylglycerides and the absorption of energy [24] .
It is a fact that there are modifications at the level of the immune system of the mucous membranes and the microbiota of the small intestine depending on the age and type of diet consumed, which in turn generates changes in various metabolic parameters [25] . The effect of sweeteners in early life and how they affect the proliferation of the microbiota of the small intestine and thus the maturation of the mucosal immune system is still unknown. Therefore, in this study we considered to evaluate the effect of the chronic consumption of sweeteners on the microbiota and the immunity of the mucosa of the small intestine in recently weaned mice.
Materials and Methods

Study
Design. An experimental study was carried out with 72 CD1 21-day old mice, free of pathogens, which were fed with Rodent Laboratory Chow5 5001 croquettes [3. 
Study Groups.
The 72 mice were distributed in groups (n = 8) according to the type and time of consumption of sweetener as described below ( Figure 1 ): (i) Basal Group: 21-day-old mice that were sacrificed at the time of weaning and never consumed RLChow5 5001 croquettes nor water supplemented with sweetener.
(
ii) Control Group A (CL-A):
Mice that consumed water without sweeteners for 6 weeks after weaning.
(iii) Sweetener groups: Sucrose A (Sac-A), Splenda5 A (Spl-A), and Svetia5 A (Sv-A):
Mice that consumed water supplemented with table sugar (Sucrose A) and commercial sweeteners Splenda5 (Splenda5 A) and Svetia5 (Svetia5 A), respectively, for 6 weeks after weaning.
(iv) Control group B (CL-B):
Mice that consumed water without sweeteners for 12 weeks after weaning.
(v) Sweetener groups: Sucrose B (Sac-B), Splenda5 B (Spl-B), and Svetia5 B (Sv-B): mice that consumed water supplemented with table sugar (Sucrose B) and commercial sweeteners Splenda5 (Splenda5 B) and Svetia5 (Svetia5 B), respectively, for 12 weeks after weaning.
Administration of Sweeteners.
The solution of sweeteners was prepared with ultrapure water at a concentration of 41.66 mg/mL Sucrose and 4.1 mg/mL of Splenda5 or Svetia5, in accordance with the recommendations of Official Mexican Standard NOM-218-SSA1-2011 for nonalcoholic flavored drinks [26] . One envelope of Splenda5 contains 1 g of carbohydrates, which includes dextrin, maltodextrin, and sucralose. One envelope of Svetia5 contains sucrose, steviol glycoside (2.5g/100g), isomalt, and sucralose (0.6g/100g). The solution prepared with sweetener was placed daily in the water containers of each study group in morning from 8 to 13 h (5 hours per day); later it was removed to place water without sweetener for the rest of the day. The consumption of water with and without sweetener was quantified to determine the consumption preference. 
Determination of the Body Mass Index (BMI).
The body mass index (BMI) was quantified weekly using the weight and length of each mouse. (ii) Length: it was determined with the mice under anaesthesia (0.1 mL of sodium pentobarbital at 1%) with a tape measure from the nose to the anus.
Once the weight and length were obtained, the BMI was calculated with the following formula [27] : BMI = Weight (g)/length (cm 2 ).
Food and Total Energy
Consumption. The calculation of food consumption was determined weekly by the difference in the amount of food at the beginning of each week less the amount of food at the end of each week of the study. The total energy intake of the mice was quantified weekly, taking into account the energy intake of each sweetener: Sucrose 4 Kcal/g, Splenda5 0 Kcal/g, and Svetia5 4 Kcal/g. The total energy consumption from food and water with sweetener per week was calculated with the following formula (Equation (1)) [27] :
2.6. Water Consumption with and without Sweetener. The calculation of water consumption without sweetener was done daily by the difference in the amount of water without sweetener at the beginning of the day less the amount of water without sweetener at the end of the day. The intake of sweetener was determined daily by the difference of the amount of water with sweetener at the beginning of the exposure less the amount of water with sweetener at the end of exposure (5 hours).
Obtaining Samples
Collection and Determination of Plasma Samples.
The animals were euthanized by group: Basal (21 days old, without treatment); Group A, six weeks of treatment (63 days old); Group B, twelve weeks of treatment (105 days old). The animals were anesthetized with sodium pentobarbital at 1% (80 mg / kg of weight); they were bled by direct cardiac puncture (with a syringe with heparin) and sacrificed by cervical dislocation. The whole blood was centrifuged for 10 minutes at 2500 rpm to separate the two blood phases. Plasma was collected and transferred to Eppendorf tubes to quantitate leptin, resistin, C-peptide, and TNF-. The determinations were made through Luminometry with a Luminex 201 from Millipore MT , with a commercial kit (Metabolic Magnetic Metabolic Pearl Panel, Cat. No. MMHMAG-44K) of Milliplex5 Map, following the recommendations of the supplier.
Collection of Tissue Samples and Intestinal Content.
After euthanasia and obtaining total blood, the small intestine (SI) of each mouse was removed, placed in 1 mL of saline phosphate buffer 1X (PBS) to keep it hydrated until it was processed. The lumen of SI was washed with 5 mL of 1X PBS, the obtained liquid was centrifuged at 4,500 rpm for 15 minutes, supernatant was discarded, and the pellet of the intestinal contents was suspended in 1 mL of physiological solution. ∘ C for 24 to 48 hours; the most abundant and representative strains were selected and purified. The isolated strains were classified into morphological groups according to their macroscopic characteristics such as size, shape, surface, consistency, and color.
Isolation of Lymphocytes from the
Identification of Species.
Once the groups were formed according to the morphological characteristics, 50% of the strains of each group were selected for the genetic identification of species through a sequencing analysis of the 16S rRNA gene.
Obtaining Biomass and DNA Extraction.
To obtain biomass, the strains selected for genetic identification were inoculated by cross-stripe in HBI Agar; they were incubated at 37
∘ C for 24 hours; the biomass was obtained by scraping and placed in 1.5 mL microtubes with 1 mL of saline solution at 0.85%. For the extraction of DNA, the Promega Wizard5 Genomic commercial kit (Cat. No. A1120) was used following the manufacturer's instructions. ∘ C, coupling 20 seconds at 52 ∘ C, and elongation 1.5 minutes at 72 ∘ C; 34 cycles were repeated with these conditions and at the end a postelongation cycle was carried out 7 minutes at 72 ∘ C. The amplified fragments were observed on agarose gel (Pronadisa Cat. No. 8101.10) at 1% stained with ethidium bromide (BrEt, Sigma Aldrich Cat. No. E7637-1G). The amplified products of the 16S rRNA gene of selected strains were purified using the Amicon5 purification kit Ultra 0.5 mL Centrifugal Filters (Millipore5 Cat. No. UFC 503096) and observed in agarose gel at 1% stained with bromide ethidium to verify its quality. The purified products of the 16S rRNA gene were sent to the sequencing service of MacroGen USA Sequenciation Service, Maryland, USA. The values represent the Mean ± Standard Deviation (SD) of morphometric, food consumption and energy. Grams (g), centimeters (cm), grams per square centimeter (g/cm2), and Body Mass Index (BMI). One-way ANOVA was performed to compare the differences between the groups; the differences were considered statistically significant with a value of p<0.05 * .
Amplification of the 16S rRNA
Sequence Analysis of the 16S rRNA
sequence alignment editor Version 7.2.6.1 [31] and then compared with sequences deposited in the GenBank of the National Center for Biotechnology Information (NCBI) with the Basic Local Alignment Search Tool (BLAST) at https://blast.ncbi.nlm.nih.gov. [32] .
Statistical Analysis.
The data on BMI and water intake and sweetener and total energy intake were analyzed using the statistical software SPSS Version 19 for Windows; its processing was carried out through the statistical analysis of variance (ANOVA). The post hoc HSD Tukey test was performed for the comparison between groups; the differences were considered statistically significant with a value of p <0.05.
Results
Morphometric Parameters
The Weight and BMI Were Not Modified with Sweetener
Consumption. The mean weight of mice in the Basal group at the beginning of the sweetener supplementation was 9.27g ± 1.3. The increase in weight at 63 and 105 days old was consistent with growth and development of mice; there were no significant weight differences between the groups as shown in Table 1 . The baseline BMI was 0.195 g / cm 2 ± 0.013; no differences were found in the study groups at 63 and 105 days old (Table 1) .
Food Consumption and Total Energy Intake.
Regarding the total energy intake and food intake, the groups of Sucrose A and Svetia5 A consumed less food and therefore their total energy intake was less than the 63-day old groups; the difference was statistically significant between Control A and these study groups (Table 1) . At 12 weeks of treatment, the groups of Sucrose B and Splenda5 B decreased energy and food consumption, compared with the Control B group (Table 1) .
Mice Prefer Water Consumption with Splenda5 and Svetia5
Than Water with Sucrose. The consumption of water without sweetener is reduced in the groups of Sucrose A and Splenda5 A, compared with the Control A group (Table 2) . This behavior continues until 105 days of treatment, since the groups of Sucrose B and Splenda5 B consume little water without sweetener, contrary to the Svetia5 B group that increases water consumption at this time.
The consumption of water with sweetener is different, since, at 6 and 12 weeks of water administration with sweetener, rodents consume a greater volume of water with Splenda5 and Svetia5 and reduce the consumption of water with Sucrose. It is clear that the group with Svetia5 has a greater preference for water consumption with and without sweetener, but rodents consume a greater amount of Splenda5, as shown in Table 2 . + . The percentage of CD3 + lymphocytes in the basal group was 87.95% ± 0.315; this value decreased significantly in the Control A group (69.8% ± 0.588) after 6 weeks of treatment. In contrast, the groups of Sucrose A (89% ± 0.834), Splenda5 A (87.72% ± 0.508), and Svetia5 A (83.77% ± 0.508) increased the percentage of CD3 + lymphocytes at 6 weeks when compared with the Control group A. At 12 weeks of consumption, the Splenda5 B group showed no change in the percentage of lymphocytes (87.39% ± 1.0) compared to the group of 6 weeks. On the other hand, when compared to the Control B groups (94% ± 0.545), Sucrose B (95.97% ± 0.508) and Svetia5 B (94.62% ± 0.551) were observed to be decreased, at the same time of treatment.
Lymphocytes of Peyer's Patches and Lamina Propria
The Increase of Lymphocytes in the Lamina Propria Occurs at the Expense of CD4
+ in the Svetia5 Group. The baseline group shows an average of 5.32% ± 0.380 CD4 + lymphocytes. At 6 weeks of treatment the percentage was increased in the Svetia5 A (12.83% ± 0.187), Sucrose A (9.88% ± 0.182), and Splenda5 A (8.72% ± 0.476) groups in that order, respectively. At 12 weeks, the increase was maintained only in the Svetia5 B group (12% ± 0.219, p<0.001); the rest of the groups remain unchanged (Control B: 9.2% ± 0.358; Sucrose B: 9.2 % ± 0.331; Splenda5 B 9.16% ± 0.401).
The Percentage of CD8
+ Lymphocytes Was Found Depressed in the Splenda5 and Svetia5 Groups. In the CD8
+ lymphocytes of the basal group an average of 40.02% ± 0.08 was observed. This percentage doubled in the control group A (80% ± 0.288), after 6 weeks of treatment, but was reduced in the Splenda5 A groups of (77.88% ± 0.807) and Svetia5 A (78.91% ± 0.257) with respect to Control A. This decrease was maintained until 12 weeks of treatment in the Splenda5 B groups (79.13% ± 0.518, p<0.001) and Svetia5 B (78.82% ± 0.727, p<0.001), when compared to Control B (83.63% ± 0.412).
Hormones Profile and Cytokines
The Chronic Consumption of Splenda5 and Svetia5 Caused an Elevation of Leptin and C-Peptide with Reduction of Resistin. TNF-Increased with Consumption of Svetia5 but Decreased in the Splenda5 and Sucrose Groups.
The baseline group showed a median of 275 pg/mL of leptin, 6700 pg/mL of resistin, 595 pg/mL of C-peptide, and 40 pg/mL of TNF-. After 6 weeks of treatment, the Sucrose A and Splenda5 A groups reduced the leptin concentration and increased TNF-. Resistin and C-peptide were elevated (p<0.001) with the consumption of Splenda5 A and Svetia5 A (Table 3) . At 12 weeks of treatment, leptin and C-peptide were elevated in all groups. Conversely, resistin decreased in all groups (Sucrose B, Splenda5 B, and Svetia5 B) and, only in the groups of Sucrose B and Splenda5 B, TNF-was low, as shown in Table 3 .
Cytokine Profile
In the Peyer Patches, IL-6 and IL-17 Were Elevated with Splenda5 and Svetia5 Consumption. The percentage of cytokines IL-6 and IL-17 in the basal group was 7.9% ± 0.016 and 1.42% ± 0.058, respectively. At 6 weeks of treatment, IL-6 decreased its percentage in the Svetia5 A, Sucrose A, and The values represent the Median concentration of hormones in pg/mL of mice supplemented with sweeteners. The nonparametric Kruskal-Wallis test was performed to compare the differences between the groups. The differences were considered statistically significant with p<0.05 * . The values represent the mean±SD of percentage of intracellular cytokines of Peyer's patches and lamina propria in mice supplemented with sweeteners. Twoway ANOVA was performed to compare the differences between the groups. The differences were considered statistically significant with p <0.05 * .
Splenda5 A groups (Table 4) . Conversely, IL-17 was elevated in the Splenda5 A and Svetia5 A groups. At 12 weeks of treatment, the percentage of IL-6 and IL-17 remained high in the Splenda5 B and Svetia5 B groups, compared to Control B (Table 4 ).
In the Lamina Propria, IL-6 and IL-17 Were also Found
Elevated with the Consumption of Splenda5 and Svetia5. The percentage of intracellular cytokines in the basal group of the lamina propria was 7.52% ± 0.106 for IL-6 and 2.82% ± 0.112 for IL-17. The percentage of both cytokines increased at 6 and 12 weeks of treatment with the consumption of Splenda5 and Svetia5, as shown in Table 4 .
Isolation and Morphological Characterization of Bacteria.
Isolated Strains. 120 strains were isolated in the culture media used: 60 representative strains from HBI Agar and 60 representative strains from Blood Agar. The 120 isolated strains were distributed in 9 groups according to the macroscopic morphological differences they presented (Table 5 ).
Species Identification.
The consensus sequences of the 60 selected strains were obtained to be genetically identified (50%), with a length range of 1370 to 1530 base pairs (bp). These were compared with the sequences deposited in the NCBI GenBank. It was observed that 55 of the sequences had a percentage of similarity greater than 98% and that only 5 had a percentage of similarity of 97% (Tables 6(a) and 6(b)). We identified 14 genera and 36 different species, where the predominant genus was Bacillus with 14 species, followed by the genus Pseudomonas with 5 species and Staphylococcus with 4 species. In the analysis by genus and species (Table 7) . The bacterial growth in the different study groups was very diverse; in the Basal group it was possible to observe only the growth of four different strains: Acinetobacter haemolyticus, Acinetobacter schindleri, Bacillus pumilus, and Rothia dentocariosa (Table 6 a) and 6(b) ).
The genera Bacillus, Pseudomonas, and Staphylococcus were present in most of the study groups. The genus Bacillus was present in 8 study groups. B. pumilus was observed in the Basal, Control B, Sucrose B, Splenda5 A, and Splenda5 B groups. Bacillus safensis was present in the groups: Sucrose A, Control B, Splenda5 B, Svetia5 A, and Svetia5 B. The genus Pseudomonas was present in 4 groups: P. koreensis in the Control A group, P. moraviensis in the Control B group, P. azotoformans and P. cedria subsp fulgida in the Sucrose A group, and P. knackmussii in the Splenda5 A group. The third genus with greater presence in the study groups was Staphylococcus; in the Control A group, S. xylosus was presented, in the Sucrose A group, S. epidermidis, S. saccharolyticus, and S. xylosus were presented, and in the Svetia5 B group S. lugdunensis was presented (Table 7 ).
Discussion
Currently the consumption of sweeteners is increasingly popular among the population; it is believed that the consumption of artificial nonnutritive sweeteners confers certain health benefits [33] . However, other studies, such as that by Nettleton et al., 2009 [34] , suggest that the consumption of these sweeteners is associated with the increase in weight and the risk of suffering from type 2 diabetes mellitus (DM2). The passage of sweeteners through the gastrointestinal tract is carried out without any modification in their own structure; this situation puts them in direct contact with the intestinal microbiota, which is responsible for regulating multiple physiological functions [35] .
Sucralose can be metabolized or absorbed in a minimal proportion by the intestine of mammals, but it can exert an effect on the resident bacteria of the intestine [36] . It has also been shown that sucralose can increase the secretion of serotonin, which stimulates the peristaltic and secretory activity of the intestine [37, 38] .
The Consumption of Sweeteners Reduces the Consumption of Food and Energy.
The Splenda5 was consumed in greater quantity at 63 days old in the study; however, at 12 weeks of treatment the Svetia5 B showed the highest consumption International Journal of Food Science 9 Table 6 (a) Microbial species identified in the small intestine of CD1 mice without treatment (21 days of age) and after 6 weeks of treatment with sweeteners. 
Group
of sweetener. It is suggested that the intensity of sweetness increases the preference of consumption of sweet flavours and increases the appetite [39, 40] . These results agree with a study in rats, which showed that these rodents preferred to consume stevia compared to saccharin or liquid without sweetener [41] , since stevia is up to 300 times sweeter than sucrose [42] . In our study, the Splenda A and B and Svetia A and B groups modified the consumption of food, thus reducing energy consumption in both cases. This is opposed to the results reported by Wang et al., in 2016 [43] , where they show that the consumption of sucralose increases the food intake in mice and flies mainly by two mechanisms of action, by direct stimulation to receptors with a sweet taste or, indirectly, through taste-independent neuronal mechanisms.
The Supplemented Groups Did Not Modify the BMI.
The sweetener groups did not show changes in the BMI; these results are contrary to those reported in other studies. For example, Mattes and Popkin, in 2009 [44] , concluded that the use of nonnutritive sweeteners increases BMI in healthy sedentary subjects. In contrast, in 2010, Yang Q [45] reported that healthy people who consumed beverages with three different sweeteners presented in the long term an increase in BMI with respect to those people who consumed liquid without sweetener. This can be explained by the time of exposure to sweeteners which were placed for a period of 5 h in the morning and consumed water without sweetener the rest of the time. The mice had access to water consumption with and without sweetener; it shows a predilection for the consumption of solution with sweetener, mainly Splenda and Stevia, but they consumed less amount of food, which justifies that the body weight was not modified and therefore the BMI. In addition, the CD1 mice are not an obesogenic strain, and reason for the BMI was not increased [46] .
This contrasts with the study conducted by Abou-Donia et al., in 2008 [11] ; they reported that rodents that consumed 100 mg/kg of Splenda5 weight for 12 weeks had weight gain compared to rats that did not receive Splenda5 or received higher doses (300, 500, and 1000 mg/kg). This suggests that the modification of body weight does not depend exclusively on the consumption of sweeteners; rather it is a multifactorial process that depends on factors such as the type of diet, the amount and type of sweetener consumed per day, and the level of physical activity.
Sweeteners, Cytokines, Immunity, and Microbiota of the Mucosa of the Small Intestine.
Studies on nonnutritive sweeteners are related to the safety of their consumption and their probable long-term effects. Most focus on their systemic effect such as risk of cancer, diabetes, dental caries, hypertension, and glycaemic control, appetite, and food [47] . In this study, we looked at the perspective of the effect of sweeteners in the modification of the percentage of lymphocytes, the secretion of cytokines and how the microbiota of the small intestine is modified as a site of contact, and absorption of sweeteners.
The findings are relevant because, after 12 weeks of sweetener consumption, the percentage of CD3 + CD8 + lymphocytes was increased in Peyer's patches, after consumption of Splenda5 and Svetia5. In Peyer's patches, IL-6 and IL-17 were elevated with Splenda5 and Svetia5 consumption. In the lamina propria, the Svetia5 consumption increased the percentage of CD3 + CD4 + lymphocytes, at 6 and 12 weeks. The Splenda5 group after 12 weeks of consumption decreased the percentage of CD3
+ at the expense of CD8 + . The percentage of CD8 + lymphocytes was found depressed in the Splenda5 and Svetia5 groups. In the lamina propria, IL-6 and IL-17 were also found elevated with the consumption of Splenda5 and Svetia5. This is associated with elevation of leptin and C-peptide, as well as reduction of resistin, after the chronic consumption of both Splenda5 and Svetia5. On the other hand, the increased TNF-with the Svetia5 may cause an increase in the inflammatory state, due to an increase in TNF-and C-peptide. Splenda5 consumption seems to improve inflammatory status, since it decreases TNF-, but it increases leptin and C-peptide.
While the lymphocytes of Peyer's patches and lamina propria are increased with the consumption of sweeteners, the microbiota of the small intestine is depressed substantially after 12 weeks of consumption. The gut microbiota plays a crucial role in the metabolism and immunity of the individual [48] ; it cooperates with the immune system promoting signs of maturation of immune cells [34] ; therefore the decrease of the microbiota can stimulate the production of lymphocytes in the mucosa of the small intestine, increasing the percentage of lymphocytes as happened in this study, as shown in Figures  2 and 3 .
As is known, the composition and function of the microbiota are modulated by the type of diet consumed [35] . In this study, it can be seen how the chronic consumption of sweeteners modifies the microbiota of the small intestine.
In addition to the above, recently Uebanso et al., in 2017 [49] , reported that mice supplemented with sucralose for 8 weeks at doses of 1.5 and 15 mg / kg of weight did not modify their body weight, compared with mice that did not consume sucralose. They also observed that the number of bacteria from phylum Firmicutes and Bacteroidetes was similar in all mice, but Clostridium of the XIVa group decreased in a dosedependent manner with the consumption of sucralose.
In this study, we can see the modification of the microbiota with chronic consumption of sweeteners; in the newly weaned Basal group, we identified 6 strains corresponding to three different genera: Acinetobacter, Bacillus, and Rothia, where the genus Acinetobacter predominated, while, in the Control A group, 4 strains were identified that corresponded to the genera: Pseudomonas, Acinetobacter, and Staphylococcus, where the genus Staphylococcus had greater predominance. In contrast, in the Control B group, 6 strains were identified, which belong to the genera: Enterococcus, Bacillus, Lysinibacillus, and Pseudomonas, showing 3 different genera with respect to the Control A group, being the Bacillus genus the one that predominated at 12 weeks of supplementation (Control B).
On the other hand, the groups supplemented with sucrose showed a greater diversity of identified genera. In the group Sucrose A, 10 strains belong to the genera Bacillus, Staphylococcus, Pseudomonas, Lysinibacillus, and Stenotrophomonas, predominantly the genus Bacillus, while, in the group Sucrose B, the number of identified strains was increased to 12, which belong to the genera: Micrococcus, Bacillus, Rummeliibacillus, and Enterococcus, where the genus Bacillus predominated followed by the genus Rummeliibacillus.
In the Abou-Donia et al. study, in 2008 [11] , they collected feces from rats that consumed Splenda5 for 12 weeks, cultured them on selective media for aerobic and anaerobic bacteria, and found that the rats that received Splenda5 at doses of 100 mg/kg of weight had a decrease of 48.9% of anaerobic bacteria, 36.9% of bifidobacteria, 39.1% of lactobacillus, and 65.7% of Bacteroides compared to rats that did not consume Splenda5. In contrast, at higher doses of Splenda5 (300, 500, and 1000 mg/kg of weight) they could observe a decrease of 51.2% to 67.8% in the number of aerobic bacteria with respect to rats that did not receive Splenda5.
Our results showed that, in the Splenda5 A group, 8 strains were identified from genera: Bacillus, Micrococcus, Staphylococcus, and Pseudomonas, with the Bacillus genus being the most predominant. In the case of the Splenda5 B group, the number of strains identified decreased to 3, which belong to the genera Bacillus and Staphylococcus, where the genus Bacillus predominated again.
International Journal of Food Science It has also been reported that certain soluble extracts of the Stevia Rebaudiana leaf can inhibit the growth of some bacteria and fungi [50] . Other researchers mention that the metabolite of Rebaudioside A, steviol, may be responsible for the antimicrobial activity of stevia; however they do not establish any mechanism by which they exercise this activity [51, 52] .
Our findings show that, in the Svetia5 A group, 8 strains were identified: genera Bacillus, Staphylococcus, and Streptococcus, where Bacillus predominated. On the other hand, in the Svetia5 B group, a decrease was observed in the number of strains identified (3 strains), which belong to two different genera: Bacillus and Staphylococcus.
In the study conducted by Li et al., in 2014 [53] , they evaluated the in vitro effect of Rebaudioside A on bacterial growth and observed that Rebaudioside A can inhibit the growth of S. Aureus and stimulate the growth of L. plantarum. These results indicate that Rebaudioside A can inhibit the growth of pathogenic microorganisms and stimulate the growth of probiotic microorganisms.
In 2015, Daly et al. [23] studied the composition of the microbiota of cecal content of pigs by pyrosequencing 16S rRNA gene and identified 25 families of bacteria that included 7 classes: Bacteroidia, Clsotridia, Bacilli, Actinobacteria, Fibrobacteria, Erysipelotrichia, and Proteobacteria, where Bacteroidia, Clostridia, and Bacilli predominated. The families that predominated of these three classes were Prevotellaceae, Porphyromonadaceae, Lachnospiraceae, Ruminococcaceae, Veillonellaceae, and Lactobacillaceae. When comparing these results with the microbiota of pigs supplemented with SUCRAM (neohesperidin dihydrochalcone and saccharin), they found a higher abundance of the populations of Ruminococcaceae, Veillonellaceae, and mainly of Lactobacillaceae; they concluded that the consumption of this high intensity sweetener significantly modified the composition of the intestinal microbiota. Suez et al., in 2014 [36] , reported that the consumption of saccharin alters the composition of the intestinal microbiota in mice inducing intolerance to glucose. These mice showed a marked dysbiosis in comparison with mice that did not consume saccharin, with an increase of bacteria belonging to the genus Bacteroides, Clostridiales, and Lactobacillus reuteri.
The fermentation of artificial sweeteners by the gut microbiota is not yet fully established, although the current reports are based on the fermentative capacity of the colon microbiota on sugars and other compounds in the diet [54] . Other studies report that steviol is fermented by bacteria present in the colon; this fermentation is mediated mainly by the genus Bacteroides producing steviol as the main metabolite [55, 56] . In general, most reports study the microbiota of the colon, but there are few reports that attempt to clarify its effect at the level of the small intestine and its relationship with the immune system.
Although the Bacteroides are the most abundant in the gut microbiota and the most studied at present for their ability to use glycans and form short chain fatty acids as a product of their fermentation [57, 58] , it is necessary to establish the mechanisms of action by which the intestinal microbiota as a whole is able to degrade and metabolize nonnutritive sweeteners [59] . In the present study, the most abundant genus was Bacillus in all groups of the small intestine microbiota, being this the most important difference with the colon microbiota.
Conclusions
The consumption of sweeteners is not related to food intake or energy intake; the highest intake of food and energy was presented in the Control group, which had a lower water intake compared to the mice that received sweetener. The highest ingestion of sweetener is directly related to the increase in body mass index; the mice that received Svetia5 ingested a greater amount of sweetener at the end of the study and presented the highest increase in BMI.
The consumption of sweeteners increases the percentage of CD3 + CD8 + lymphocytes in Peyer's patches and CD3 + CD4 + in the lamina propria, in addition to modifying the composition of the intestinal microbiota. The groups supplemented with sweeteners had a greater diversity of the intestinal microbiota compared with the Control groups; the sucrose A and B groups presented a greater diversity of bacteria in terms of gender and species identified.
Despite this great diversity of genera and species identified, the genus that predominated in all study groups was the genus Bacillus, which may suggest that the genus Bacillus may have the ability to adapt to sweeteners regardless of origin or nutritional contribution of the same.
More research is needed regarding the interaction of intestinal microbiota and sweeteners; the evidence that exists today is not clear or conclusive; this study shows the modification of bacterial diversity caused by the ingestion of one or another sweetener; however, the main metabolic pathways or mechanisms of action by which the intestinal microbiota is able to degrade the different sweeteners and use the residual metabolites are still unknown.
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